The mixture of type-I and type-II censoring schemes, called the hybrid censoring scheme is quite common in life-testing or reliability experiments. In this paper, we consider the competing risks model in presence of hybrid censored data. Under this set up, it is assumed that the item may fail due to various causes and the corresponding lifetime distributions are independent and exponentially distributed with different scale parameters. We obtain the maximum likelihood estimators of the mean life of the different causes and derive their exact distributions. Using the exact distributions, all the moments can be obtained. Asymptotic confidence intervals and two bootstrap confidence intervals are also proposed. Bayes estimates and credible intervals of the unknown parameters are obtained under the assumptions of independent inverted gamma priors of the mean life of the different causes. Different methods have been compared using Monte Carlo simulations. One real data set has been analyzed for illustrative purposes.
Introduction
Consider the following lifetime experiment in which n units are put on a test. Each unit is exposed to some risks. It is assumed that each unit may fail due to different causes and the corresponding lifetime distributions are independent and identically distributed. The test is terminated when a pre chosen number R out of n items have failed or when a pre determined time, T , on the test has been reached. It is also assumed that the failed items are not replaced.
This particular censoring scheme is known as hybrid censoring scheme. It was first introduced by Epstein (1954) without the presence of competing risks and under the assumptions that the underlying lifetime distribution is exponential. The hybrid censoring scheme is quite useful in reliability acceptance test. See for example Childs et al. (2003) and Jeong et al. (1996) for some recent development on hybrid censored sampling plan for the exponential life time distributions.
In medical studies or in reliability analysis, it is quite common that more than one risk factor may be present at the same time. An investigator is often interested in the assessment of a specific risk in presence of other risk factors. Usually, it is observed that the data consists of a failure time and an indicator denoting the cause of failure. In the statistical literature, it is known as the competing risks model. For the general introduction of the competing risks problem, the readers are referred to the recent monograph by Crowder (2001). Without the presence of covariates, it is usually assumed that the competing causes are independently distributed. For the parametric setup, it is assumed that the different lifetime distributions follow some specific parametric distributions, namely exponential, Weibull, log-normal or gamma distributions. Several estimation procedures are proposed for estimating the unknown parameters in presence of type-I or type-II censoring scheme, see Crowder (2001) .
In this paper, we assume that the lifetime distribution of the different causes are independent and exponentially distributed. We consider the estimation of the unknown parameters in presence of hybrid censoring scheme. It is observed that the maximum likelihood estimators (MLEs) of the mean lifetimes of the different causes do not exist always. We propose the conditional MLEs and obtain the exact distributions of the conditional MLEs. Based on the exact distributions of the MLEs we can obtain all the moments of the MLEs. Using the exact distributions of the conditional MLEs it is possible to construct the approximate confidence intervals of the unknown parameters. Because of the very complicated nature of the distribution functions, it is not pursued here. Instead, we propose, the asymptotic confidence intervals and two bootstrap confidence intervals. We also compute the Bayes estimates and the credible intervals of the unknown parameters using inverted gamma priors. Different methods are compared using Monte Carlo simulations and for illustrative purposes, we analyze one real data set.
Model description, notation and MLEs

Model description and notation
For notational simplicity, we assume that the number of causes is two. Let T i be the lifetime distribution of cause i, for i = 1 or 2. It is assumed in this paper that T 1 and
